The structures of six new drimance sesquiterpenoids, mniopetals A~F, were elucidated by a combination of chemical and spectroscopic methods. The mniopetals are inhibitors of RNA-directed DNA-polymerases.
In our search for novel inhibitors of RNA-directed DNA-polymerases of human immunodeficiency, avian myeloblastosis and murine leukemia viruses1~4), six new antibiotics, mniopetals A~F (1~(S), as well as the biologically inactive sesquiterpenoids la,15-dihydroxymarasmene (ll) and (-)-l l, 12-di- hydroxydrimene (14) were isolated from fermentations of a Canadian Mniopetalum species. ll had been previously found in cultures of Marasmius oreades5) whereas 14 is a knownintermediate in the total synthesis of polygodial6'7).
The production, isolation and biological characterization of the mniopetals A~F has been described in the preceding paper8). In this study we report the structural elucidation of these compounds.
Structural Elucidation of the Mniopetals Mniopetals A~F (1~6) are closely related to marasmal (7), a drimane derivative recently isolated by Ayer et al.5 ) from cultures of the basidiomycete Marasmius oreades. (in CDCL) (in CDC13) (in CDC13) (in CDC13) (in CD3OD) (in CD3OD) 1-H 4.57 (s, br) 2a Table 2 . 13C NMRspectral data for mniopetals A (1), B (2) and F (6) (100.62MHz, 5 in ppm, Jin Hz). As is indicated by the XHand 13C NMRdata (Tables 1 and 2 ) all mniopetals contain the same structural pattern at rings B and C. The presence of the a,/?-unsaturated aldehyde unit is confirmed by a strong IR absorption at -1675cm"1 (KBr), signals at S -9.45 (CHO) and~7.2 (brd, 7-H) in the XH NMRspectrum, and signals at <5~194 (C-12),~156 (C-7), and -139 (C-8) in the 13C NMRspectrum. The lactone and lactol groups of the mniopetals give rise to 13C NMRsignals and 3~177 (C-15) and 100 (C-ll), respectively, and absorptions at~1760 and~3430cm"1 in the IR spectrum. In all cases, the ll-H signal in the *H NMRspectrum appears as a broad singlet, which is characteristic for an a-orientation of the 1 1-hydroxy group5).
In mniopetal A (1), C27H40O9, the presence of a sequence (C)-CH(OH)-CH(OCOR)-CH2-(C) can be deduced from the lU NMRspectrum. It forms part of ring A, which is connected with the rest of the molecule by the^-"C long range correlations given in Fig. 2 .
The stereochemistry of ring A follows from the *H NMRspectrum. Since 2-H at 3 5.35 shows a diaxial coupling of /= 12.7 Hz to H-3a, the acyloxy substituent must occupy an equatorial position. The 1-H resonance appears as a broad singlet indicating that the hydroxy group at this carbon must be axial. This is supported by the strong deshielding of the protons in 3-and 9-positions, due to 1,3-interaction with the axial hydroxy group9).
The remaining 1H and 13C NMRdata of mniopetal A (1) are consistent with the presence of a 2-acetoxydecanoyloxy residue at C-2. The absolute configuration at the side chain stereogenic center was determined by methanolysis of 1 to methyl 2-hydroxydecanoate (8) (i?)-(-)-MTPA-Cllo'1 1). For comparison, a mixture of (S,R)-9 and (S,S)-9 was prepared by esterification of racemic 8 with (R)-(-)-MTPA-Cl. As was demonstrated by Yasuhara and Yamaguchi11}, the *H NMR data of the MTPA-derivatives of a-hydroxycarboxylic acid esters allow an unambiguousassignment of their absolute configuration. In the present case, the (S, i?)-diastereomer of MTPAester 9 was obtained, which proves the (2'i?)-configuration of the acetoxyacyl side chain in mniopetal A (1). On electron impact, mniopetal A (1) and other acylated compounds of this series undergo McLafferty rearrangement with loss of the acyloxy chain yielding an intense 'drimane' ion at m/z 278 (C15H18O5) in the MS. In the case of 1, a-cleavage of the 2-acetoxydecanoyl side chain leads to a diagnostic fragment ion m/z 213 (C12H21O3) as shown in Fig. 4 .
Mniopetal B (2) shows a peak at m/z 448 (C25H36O7) due to the loss of water from the molecular ion. The presence of a strong [M+Na]+ peak at m/z 489 in the (H-)-FAB-MS confirms C25H38O8 as the molecular formula. The *H and 13C NMRspectra of 2 lack the signals of the acetyl residue, and show an up field shift of the 2'-H resonance to 3 4. 17. Therefore, mniopetal B (2) is the deacetyl derivative of1.
The MSand NMRspectra of mniopetal C (3), C23H34O8, demonstrate that this compound is the lower homologue of mniopetal B (2) and contains a 2-hydroxyoctanoyloxy residue at C-2.
Mniopetal D (4), C25H38O8, is an isomer of mniopetal B (2) in which the 2-acetoxydecanoyl residue is attached to the OH-group in 1-position. This cases deshielding of 1-H to 3 5.84 and an up field shift of the 2-H resonance to 3 4.39. The acyl residue in 1-position effects an up field shift of 9-H to 3 3.24 whereas in the 2-acylated compounds 1~3 the corresponding signal occurs at 3~3.8.
Mniopetal E (5), C15H20O6, is the basic diol from which the mniopetals 1~4 are derived by esterification.
In the *H NMRspectrum of 5 the resonances of 1-H and 2-H appear at 3 4.40 and 4.14, respectively.
Mniopetal F (6), C15H20O5, contains only one axial hydroxy group at ring A. The location of this substituent and the relative stereochemistry of 6 were established by NOEexperiments given in Fig. 5 . It should be noted that during NMRmeasurements in CD3ODthe pseudoaxial 6/?-proton in 6 was smoothly exchanged against deuterium. Kuehneromycin A (10), the 1-oxo derivative corresponding to mniopetal F (6) has been recently found in cultures of a Tasmanian Kuehneromyces sp.3).
One of the major metabolites of Mniopetalum sp., loc,15-dihydroxymarasmene (ll), has already been described as a cometabolite of marasmal (7) from Marasmius oreades5). ll, C15H22O4,shows complex XHNMRand 13C NMRspectra reflecting an equilibrium between the two epimeric hemiacetals. On acetylation, ll yielded a mixture of The absolute stereochemistry of ll given in the formula, was determined by high field NMR application of the Mosher method and will be topic of a separate publication12). A second biologically inactive compound from Mniopetalum was identified as the known (-)-ll,12-dihydroxy-7-drimene (14) , C15H26O2. Its spectral and physical data were in agreement with those reported in the Iiterature7 '8) .
Since the absolute configuration of ( -)-l l ,12-dihydroxy-7-drimene has been established by total syntheses7'8), the natural product 14 possesses the absolute stereochemistry given in the formula. It corresponds to that of ll and most of the natural occurring drimane derivatives of known absolute configuration13). Since the mniopetals A~F (1~6) are produced by the same fungus, an identical stereochemistry can be assumed for these compounds. All mniopetals exhibit nearly the same CDcurves which resemble closely that of kuehneromycin A (10) 1 3440, 2956, 2928, 2857, 1750, 1674, 1645, 1373, 1202, 1117, 1094, 1059, 947 Determination of the Absolute Configuration at C-2' of Mniopetal A To a stirred solution of 1 (5.0mg) in THF (4ml) and MeOH(2ml) were added five drops of 30% methanolic NaOMe.After stirring at 20°C for 1 hour, the reaction mixture was diluted with CHC13 (30ml) and washed successively with saturated aqueous NH4C1(20ml) and brine (25ml). The organic layer was dried over Na2SO4and evaporated to dryness to give an oil, which was chromatographed on a silica gel column. Elution with solvent system II (Rf 0.40) afforded methyl 2-hydroxydecanoate (8) (1.5mg, 75%).
A mixture of (i?)-(-)-MTPA-Cl (15mg), 8 (1.5mg) and pyridine (0.3 ml) in CC14 (0.8ml) was stirred at 20°C for 5 hours. The mixture was poured into Et2O (40ml) and the solution washed consecutively SEPT. 1994 with saturated aqueous NH4C1 (2 x 30ml), saturated aqueous NaHCO3 (30ml) and brine (30ml). The organic phase was dried over Na2SO4and evaporated in vacuo. The resulting oil was chromatographed on a silica gel column. Elution with solvent system III afforded (S, R)-9 (2.3mg, 74%) as colorless oil; Rf0.57 (III); [a] £°0°(cO.10, CHC13); UV /CJNnm (logs) 206 (sh, 4.88), 262 (sh, 3.69); IR (KBr)cnT1 2950, 2925, 1750, 1450, 1269, 1215, 1168, 1115, 1074, 1013, 760, 716, 692 , 2955, 2927, 2856, 1763, 1735, 1676, 1653, 1458, 1370, 1244, 1203, 1166, 1123, 1096, 1057, 945 3420,2956 , 2928 ,2856 , 1765 , 1735 , 1676 , 1649 , 1371 , 1202 , 1166 , 1117 , 1095 , 1059 lHNMR, 
